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NuMI/MINOS Concept

Near Detector Far Detector : Shisid Wall o
0.98 kT ; Target Hallr\
<
Fermilab

Fermi Natl. Lab., IL

£= FERMILAB #98-765D

Target hall Decay pipe

Marv Bishai. BNL 2 — p.2/1!



NuMI Specifications

4

NuMI Beamline specs: —ﬂmmmm—
S G aacan
® Upto 4 x 10' 120 GeV/c protons every £ : Thi;aihuﬁ@v \oebtom curer
E '1 ssi?“c?eapﬁ_ otorr |\as seen by the
1.9 SeCS % s [ Il NL{W" toroid
OW bl ™
i 0-4 MW average beam power -?5.506506 0.00‘E+00 5.00E06 1.00E-05 1.50805
time( sec )
» Main injector can accept up to 6 booster batches/cycle. 5 to 6 batches

sent to NuMI in a single turn extraction (10 1 sec).
» Losses not to exceed 0.01 watt/meter = very stable beam

MINOS expt specs:

» Minimize re-absorption of secondary hadrons in target = nar row target

1 to beam (w=6.4mm) => round beam profile with RMS width ~ 1mm

® Beam position stability on target  4=0.25 mm and angular stability

a ~ 60 radians.
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Target Region Components

10 meters

NuMI Target

6.4 x 15 mm 2 graphite segments
1m long = 1.9 interaction lengths

Horn 2
O(10) KW beam power at 1 mm

. Parabolic
beam width .

magnetic lens.
Water cooled.

i 3T at 200 kA

Marv Bishai. BNL 4 — p.4/1!




NuMI Beam Spectrum
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Measuring the Beam Profile

* Foil Secondary Emission Monitors
» Beam profile + halo measurement
» Very low mass (5 pm Ti)
» Reduced Beam Heating problems
» Ti signal lasts longer in the beam.

'.

Stepper MWeotor
& Linear Slide

Beam antercepting
Ti foals (Spm)

*  Mechanical/'Vacuumn System

¥ »  “Bayonet”-style insertion is compact
¥ Frame is never in the path of heamn
>
»

Insertion accuracy/repeatability
Vacuum ~10° Torr on 30 Vs ion pump

10 SEMS deployed along 360 m of beamline
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Measuring the Beam Position

Characteristics of NuMI Beam Posi-

tion Monitors:

® Software algorithm to search

400 psec to find the beam.

» NuMI bunches come in 6
batches from booster. Position

IS measured batch by batch.

®» Linear over 15-20 mm. 50 um

accuracy in pretarget.

® 11 vertical and 13 horizontal

measurements over 360m.

Feedback from BPMs used to auto-steer the beam to target cente r
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Muon and Hadron monitors

Parallel-plate ionization chambers are used to monitor had ron and muon

content of secondary beam.

Absorber Muon Monitors
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Beam monitoring/control

Automated beam steering using feedback from 10-H and 9-V BPMs every

spill. Magnet trims adjusted as needed to keep beam trajecto ry stable.

BPM horiz. positions vs. location Wed Sep 28 16:48:07 EDT 2005

Beam profile on target. Horn current = -178.69 kA
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Target Alignment with Beam

Use low intensity beam and scan
across target: Maximum P.H. when beam passes be-

Graphite protection ‘baffle’ . .
\ Graphite target tween target and graphite protection
baffle.

Water cooling line
In-situ verification of beamline
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Beam Performance - Power

NuMI Beam Performance, January 2005-March 2006
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Beam Performance - Stability
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Horizontal Batch Position at Target, Sep '05
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Beam Performance - Targeting

Shift in muon centroid position by
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Near Det. Flux uncertainties

Absolute p-beam intensity is known to better than 2%.
Dominant non-had. model uncertainty is from modeling skin- depth effect in
horns. Overall beam performance uncertainties are < 3% in region of

maximum sensitivity
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Conclusions

MILESTONES:

® Spillintensity of 3 x 103 protons

® Average power of 270 kW maintained over ~ 1 hour
® Integrated 1 x 10%Y protons-on-target in approx 6 mos.
9o

Automated operation fully commisioned = very stable beam wi th low

losses
2006 Goals:
® Finish spare target and horns.
® Improved cycle time = expect 2 x 10?" P.O.T. in 2006

® Booster batch stacking commisioning = higher intensity in 2007+.

7
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